logical activity with antiserum prepared against various strains of L. buccalis but not with F. polymorphum. In contrast to the crude antigens from F. polymorphum, this serological crossreactivity could not be eliminated by treatment with phenol or trypsin.
Little is known with certainty about the antigenic structure of presumably related strains of the genera Fusobacterium and Leptotrichia (Omata and Braunberg, 1960; Gilmour, Howell, and Bibby, 1961) indigenous to the human oral cavity. Numerous investigations have attempted to establish serological groups or types of these bacteria (Pratt, 1927; Varney, 1927; Slanetz and Rettger, 1933; Spaulding and Rettger, 1937; Brocard, 1939; B0e, 1941) ; however, these studies were of little value, since these bacteria agglutinated spontaneously in conventional agglutination tests used. Type-specific proteins and a group-specific carbohydrate were reported in Fusobacterium by Weiss and Mercado (1938) , who used precipitin tests with cell extracts from four strains. Recently, Gustafson and Kroeger (1962) constructed a tentative picture of the antigenic complex of L. buccalis (F. fusiforme). They proposed that the outermost layer of the cell contains a type-specific antigen, while several antigens which are shared by several strains of the organism may be contained in the cytoplasm.
The 0 antigens (endotoxins and lipopolysaccharides) of gram-negative bacteria generally are composed of polysaccharide, lipid, and a small amount of protein. The polysaccharide moiety endows the antigen with serological specificity. In recent years, several methods have become available for the isolation and purification of lipopolysaccharide endotoxins retaining antigenic properties. In recent studies utilizing the phenol-water extraction procedure of Westphal and Lutderitz (1954) , it was reported that the endotoxin of oral anaerobic gram-negative cocci (genus Veillonella), similar to the somatic 0 antigens of other bacteria, accounted in major part for the specific agglutinating properties of the organism in homologous antiserum (Mergenhagen, Zipkin, and Varah, 1962) . Furthermore, type-specific lipopolysaccharides were detected in several strains of the genus Veillonella by utilizing the indirect bacterial hemagglutination test (Mergenhagen and Varah, 1963 Omata and Disraely (1956) for oral fusobacteria and that described by Thj0tta, Hartmann, and Boe (1939) for L. buccalis. Brain Heart Infusion (Difco) supplemented with 0.2% yeast extract (Difco) was used for mass culture of the organisms.
Preparation of antisera. The organisms were grown in 20-ml portions of media for 2 days at 37 C. Cells were collected by centrifugation, washed in distilled water, and resuspended in 5 ml of 0.85% sodium chloride. New Zealand albino rabbits, weighing 2.5 to 3.0 kg, were immunized by intravenous injection of 1.0 ml of fresh bacterial suspension on 3 consecutive days, followed by a booster of 1.0 ml 5 days after the last injection. Blood was withdrawn 5 days after the booster by cardiac puncture; the serum was collected and stored at -20 C.
Preparation of "crude antigen." Cells from 3-liter batches of media were harvested by centrifugation, suspended in 50 ml of 0.5 M phosphate buffer (pH 7.3), and heated at 100 C for 1 hr. Cell debris was removed by centrifugation at 13,000 X g, and a 1:10 dilution of the supernatant fluid ("crude antigen") was used to sensitize sheep erythrocytes for indirect bacterial hemagglutination tests. In certain cases, liquid phenol (90% aqueous) was added to an equal volume of the "crude antigen," and the mixture was homogenized in a Waring Blendor for 30 min. The phenol phase was separated by centrifugation, and the upper water phase was removed and dialyzed against 0.5 M phosphate buffer for 48 hr. In other experiments, 2 mg of crystalline trypsin (Nutritional Biochemicals Corp., Cleveland, Ohio) were added to 100 mg of lyophilized "crude antigen" in 10 ml of 0.5 M phosphate buffer (pH 7.3). This mixture was incubated for 48 hr at 37 C, and then was heated at 80 C for 1 hr to inactivate the enzyme. This material was then dialyzed against 0.5 M phosphate buffer for 48 hr.
Preparation of purified lipopolysaccharide endotoxin. Lipopolysaccharide was prepared in a manner similar to that of Westphal and Liideritz (1954) . Cells from 12-liter batches of media were harvested by centrifugation, washed in distilled water, and resuspended in 110 ml of distilled water. An equal volume of liquid phenol (90% aqueous) was added, and the contents were stirred in a Waring Blendor for 15 min. The water phase was separated by centrifugation and dialyzed against running tap water to remove phenol. The dialyzed water phase was centrifuged at 100,000 X g for 1 hr. The gelatinous deposits were resolubilized in distilled water and lyophilized ("purified lipopolysaccharide"). Further separation of endotoxin by differential centrifugation into two immunologically distinct components was carried out by the technique of Ribi et al. (1962) .
Hemagglutination tests. These tests were per-formed as described previously (Mergenhagen et al., 1962 (Shields and Burnett, 1960) . Total lipid content of lipopolysaccharides was determined by methods previously described (Mergenhagen, Martin, and Schiffmann, 1963) . Protein was determined by the method of Lowry et al. (1951) .
RESULTS AND DISCUSSION
The morphological and biochemical characteristics of all strains of bacteria utilized in this study conform to the description of either F. polymorphum (Omata and Braunberg, 1960) or L. buccalis (Gilmour et al., 1961 ).
An endotoxin was extracted by phenol-water treatment of cells from all strains of F. polymorphum and L. buccalis. Chemical analyses of a representative number of these endotoxins are shown in Table 1 . All are low in protein content. The high lipid content of the preparations from both groups of organisms is of interest in view of recent experiments implicating the lipid as the component responsible for certain host responses to lipopolysaccharides (Westphal et al., 1958; Haskins et al., 1961; .
The EST is a sensitive and highly reproducible bioassay for endotoxic activity. The alteration of dermal reactivity to epinephrine by intravenously injected F. polymorphum or L. buccalis endotoxin is shown in Table 2 . The limiting intravenous dose of 1.0 ,ug for a positive EST demonstrates that these endotoxins have the same order of potency as those isolated by similar methods from Enterobacteriaceae (Buccino et al., 1962) . By determining minimal lethal mouse doses of representative endotoxins as a second Agar gel double-diffusion tests with several Fusobacterium endotoxins and antisera to the homologous organisms disclosed a rapidly diffusing component (precipitation band closer to serum well) and a second component which diffused more slowly (Fig. 1) . This pattern of precipitation is similar to that obtained by Ribi et al. (1962) with endotoxin from Salmonella enteriditis. In like manner, the two precipitation bands displayed in the present study may be related to the haptenlike and residual endotoxin components described by those investigators. By centrifugation of a F. polymorphum endotoxin (strain B6) at 60,000 X g for 4 hr (Ribi et al., 1962) , the two immunologically distinct components were readily separated as demonstrated by agar gel diffusion (Fig. 2) Hemagglutination-inhibition tests carried out with purified lipopolysaccharides revealed that there are numerous serologically specific lipopolysaccharides in both groups studied. From the condensed data in Table 3 , several serological types comprised the F. polymorphum and L. buccalis strains studied. These results, demonstrating the high degree of serological specificity of the lipopolysaccharides, are analogous to those reported for the genus Veillonella by Mergenhagen and Varah (1963) . An interesting point is that none of the F. polymorphum lipopolysaccharides used in this study shared a serological relationship to the lipopolysaccharide extracted from the F. polymorphum type-strain (ATCC 10953), although all of the strains were homogeneous biochemically.
The presence of a common antigen in the supernatants of heated cells from three F. polymorphum strains was studied by means of the hemagglutination reaction (Table 4) . Sheep erythrocytes treated with "crude antigen" from three strains of F. polymorphum (ATCC 10953, B6, and B10) were agglutinated by heterologous as well as homologous antisera prepared against several strains of F. polymorphum, with the exception of antiserum to strain B6 which failed to agglutinate erythrocytes sensitized with strain 10953 "crude antigen." Antisera prepared against two strains of L. buccalis (C1100 and C1170) failed to agglutinate cells sensitized with F. polymorphum "crude antigen." Cell-free extracts prepared from the above strains in a French pressure cell contained cross-reacting antigens qualitatively similar to those contained in the "crude antigen" prepared by heat treatment of the cells.
With "crude antigen" from four strains of L. buccalis, including two freshly isolated human oral strains, only antisera prepared against the L. buccalis strains agglutinated erythrocytes sensitized with such antigen mixtures, and anti- (Table 4) .
The gel diffusion pattern with "crude antigen" from F. polymorphum (ATCC 10953) disclosed three or sometimes four bands of precipitation (Fig. 3) . Two of them are related to the fastmoving and slow-moving components described with the purified lipopolysaccharide. Antiserum absorbed with homologous lipopolysaccharide precipitated only the center band in agar gel diffusion tests. That is, the slowest-and fastestmoving components disappeared after absorption Phenol treatment of F. polymorphum ATCC 10953 "crude antigen," or prior treatment with trypsin followed by dialysis, produced a product that displayed serological specificity analogous to that found with the purified lipopolysaccharide (Table 5) . These experiments provide strong evidence that the group reactivity of the F. polymorphum "crude antigen" is dependent upon the protein nature of the antigen or antigens. Before treatment with phenol, the "crude antigen" contained approximately 50% protein; after treatment it contained less than 5%. Deproteinization, therefore, leaves a type-specific reactivity presumably due to the lipopolysaccharide in the "crude antigen." The hemagglutination reaction using unaltered erythrocytes sensitized with "crude antigen" from F. polymorphum probably requires a polysaccharide to modify the surface of the erythrocyte (Neter, 1956) . It is quite possible that the group-reactive protein is attached to erythrocytes by means of a polysaccharide-protein complex present in the ''crude antigen."
In contrast to findings with F. polymorphum, "crude antigen" extracted from L. buccalis did not lose group-reactivity with heterologous antisera after phenol or trypsin treatment (Table 6 ). (Hamilton and Zahler, 1957; Gilmour et al., 1961; Rosebury, 1962) , since cell-wall components with high lipid contents are thought to be characteristic of gram-negative bacteria (Salton, 1960 ).
